S
uccessful aging has been defined as maintaining both cognitive and physical health throughout life. 1 Age-related memory decline affects approximately 40% of older adults and is characterized by a self-perception of memory loss and a decline in objective memory performance. This memory decline has been termed age-associated memory impairment. 2 Although it may cause anxiety in some people, particularly those with a family history of dementia, it is generally stable and is not a risk factor for Alzheimer disease. By contrast, people with more severe forms of age-related cognitive decline, such as mild cognitive impairment, have an increased risk for developing dementia. 3 Despite such declines with aging, memory demonstrates "plasticity," or the potential for modification, and there are individual differences in plasticity. 4 Several lines of evidence indicate that learning and mental activity are associated with improved cognitive functioning and/or lower dementia risk. For example, people with advanced education and professional accomplishments tend to have greater density of neuronal connections in brain areas involved in complex reasoning. 5 Epidemiologic studies indicate that increased frequency of engaging in everyday mental or leisure activities (e.g., reading, watching the news, dancing, or playing board games) is associated with significantly reduced risk for developing dementia or cognitive decline, [6] [7] [8] although such human studies have not definitely proven a causal relationship between mental stimulation and lower dementia risk.
Clinical trials have shown that interventions of memory training techniques improve cognition in older adults. The memory techniques, often called "mnemonics," involve the use of attentional strategies, verbal associations, visual imagery, and methods to organize and retrieve stored information. [9] [10] [11] [12] Applying these strategies provides personally meaningful cues that can be used for recalling information later on.
Clinical trials on the effects of specific memory strategies, such as visualization and association, have been shown to improve memory, reasoning, and mental speed as measured by neuropsychological testing and everyday memory measures in younger and older adults. 10, [12] [13] [14] [15] [16] [17] [18] Increased brain activity has been associated with learning specific techniques, like the Loci Mnemonics. 19 A meta-analysis of memory training in older adults showed that memory gains are large (0.73 effect size [ES]) compared with control (0.37) and placebo (0.38) conditions. 10 Benefits from memory training are robust and may last from 6 months to up to 5 years, [10] [11] [12] including a possible delay in driving cessation when completing speed of processing training. 20 However, it is also important to recognize that such factors as compliance with training and beliefs about one's ability to enhance their memory (i.e., controllability or selfefficacy) contribute to an individual's abilities in successfully applying mnemonic techniques, and that it has been difficult to establish evidence to generalize the effects of training to everyday tasks. 21 Memory training interventions involving mnemonic strategies generally benefit older adults with mild age-related cognitive complaints, but not those with severe cognitive impairments or dementia. 22, 23 In fact, previous research on persons with dementia or mild cognitive impairment showed minimal gains 24 or even lower performance scores 25 following memory training. However, recent research suggests that training may improve memory in people with mild cognitive impairment, particularly in episodic memory (list recall and face-name association).
In addition to memory strategies, other components of effective memory training interventions in healthy older adults often include education about memory in general, pretraining (i.e., teaching the basic elements of memory training before teaching specific techniques), small group settings to encourage discussion, relatively brief sessions (≤2 hours), and use of home practice exercises assignments. 10, 26 Thus, the most effective approaches to memory enhancement may involve a "multifactorial" approach. 10, 27 In a previous pilot study, our group found that a short-term memory training intervention resulted in improved verbal recall for older adults with normal cognition compared with baseline relative to a health education control condition. 15, 16 In another study, 28 we also found that a 2-week healthy lifestyle intervention, including daily physical conditioning, healthy diet, and relaxation and memory training exercises, led to improved verbal fluency and significant changes in cerebral glucose metabolism measured by positron emission tomography scans during mental rest. These changes were localized to the left dorsolateral prefrontal cortex, a brain region that modulates working memory and verbal fluency. Other studies indicate that mental activity results in alterations in activity of other cortical brain regions modulating cognition. 29, 30 Despite the effectiveness of memory training interventions in clinical trials, few community-based programs exist, and their effects have not been systematically tested. The primary objective of this study was to examine the effects of a community-based memory training program developed from previous studies indicating the potential cognitive and brain health benefits from combining healthy lifestyle and memory training strategies. 28, 31 In association with the Erickson Foundation, a foundation that engages in research as well as philanthropy, we assessed the effectiveness of this 6-week, 12-session community intervention, which focuses on improving memory functioning in older adults.
The memory improvement techniques included exercises for association and visual imagery, 10, 11, 13 as well as education about memory, pretraining (i.e., teaching the basic elements of memory training before teaching specific techniques), and assignment of home practice exercises. Sessions lasting 1 hour were taught in small groups of 15-20 participants. In conjunction with the focus on exercises to improve memory, the program included information on healthy nutrition, physical exercise, and stress reduction. All aspects of the memory training methods were scripted into a standardized curriculum that was used to teach the community-residing older adults. We hypothesized that those who attended the intervention program would experience improved objective and subjective memory abilities compared with control subjects who were placed on a waiting list and did not attend the program.
METHODS

Participants
A convenience sample of participants was recruited from two of Erickson's continuing care retirement communities. Candidate participants responded to advertisements at the facilities (e.g., recruitment flyers, scripted interviews on closedcircuit cable television stations, information packets presented at community reception desks). Those interested signed a contact sheet or called into a toll-free telephone line. Staff from the Erickson Foundation then called the interested individuals, reviewed the details of the study with the prospective participants, and scheduled an individual appointment for obtainment of informed consent and a baseline interview.
Inclusion criteria for participation were as follows: 1) at least 62 years old (criterion for entrance into an Erickson Community), 2) living at the independent level of care, and 3) expressing complaints about memory loss. Exclusion criteria were as follows: 1) having a physical condition rendering one incapable of physical exercise; 2) previous diagnosis of dementia (determined by their physicians and reported by the participant during the screening process); 3) use of medication for memory loss; 4) currently enrolled in another memory enhancement course; 5) unwilling to commit to a 6-week (12-session) course; 6) scoring 24 or lower on the MiniMental State Examination (MMSE); 32 and 7) failure to pass the age-based cutoff scores on three of the four memory tests administered at baseline. The program was approved by the institutional review board at the University of California, Los Angeles, and the Erickson Foundation's Research Advisory Team.
Measures and Study Design
Participants were prescreened using the MMSE, and those performing less than 24 were referred to their physicians for additional memory testing. If participants scored 24 or higher on the MMSE, additional tests were performed, including the Wechsler Memory Scale-III Verbal Paired Associates I and II (WMS-III, VPA), 33 and the Hopkins Verbal Learning Test-Revised (HVLT-R). [34] [35] [36] Participants who scored within normal limits (>16th percentile for same age peers) on 3 out of 4 of the memory tests (Verbal Paired Immediate Recall, Verbal Paired Delayed Recall, HVLT-R Immediate Recall, and HVLT-R Delayed Recall) were included in the study. Upon entry into the study, participants also received the Controlled Oral Word Association Test (COWAT). 37 In addition to the objective memory tests, participants completed a subjective assessment of memory functioning: the Memory Functioning Questionnaire (MFQ). 38 The MFQ is a 64-item scale used to identify the frequency and severity of forgetting, retrospective functioning, and mnemonics use. All questions are rated Copyright © American Association for Geriatric Psychiatry. Unauthorized reproduction of this article is prohibited. on a seven-point scale with anchors at each end (i.e., 1 for always to 7 for never). The maximum score for frequency of forgetting is 231, with higher scores indicating fewer forgetting incidents (sample item: "How often do recalling faces present a problem for you?"). The maximum score for severity of forgetting is 126, with higher scores indicating less serious forgetting (sample item: "When you actually forget in these situations, how serious of a problem do you consider your memory failure to be?"). The maximum score for retrospective functioning is 35, with higher scores indicating a better memory today than in the past (sample item: "How is your memory compared to the way it was one year ago?"). The maximum score for mnemonics use is 64, with higher scores indicating less use (sample item: "How often do you use an appointment book to remind yourself of things?"). 38 After testing, subjects were randomized into the treatment group (memory fitness curriculum) or the control group (wait-list). Demographic variables, including age, gender, marital status, ethnicity, highest level of education achieved, and annual income, were obtained. Current medical conditions were self-reported and measures of height and weight were taken.
Using a sequential study design, four cohorts were recruited for three classes of the memory fitness curriculum (see Figure 1) . The wait-list cohort from one class became the intervention cohort in the next class. For example, Cohort 2 served as the wait-list comparison group for Cohort 1 before becoming the second cohort to receive the intervention. In this design, participants were tested up to three times: baseline, preintervention (defined as 7 weeks after baseline but before taking the memory class), and postintervention (defined as after taking the memory class). Cohort 4, for ethical considerations, was given the option of attending the class 2 months after the completion of the study but no posttesting was done.
Intervention
Twelve Erickson Retirement Community employees were selected as trainers for the memory fitness study. Trainers had academic backgrounds in exercise physiology, health promotion management, nursing, Copyright © American Association for Geriatric Psychiatry. Unauthorized reproduction of this article is prohibited.
Am J Geriatr Psychiatry 20:6, June 2012 517 gerontology, social work, community health education, or psychology. The memory fitness instructors were responsible for scheduling of classes, determination of class size and composition, achieving program space requirements and room setup, detailing the nature and scope of responsibilities for both instructors and participants, attendance tracking, individual class curricula preparation, monitoring of class content, acquisition of handouts, and other relevant tasks (i.e., handling absences from class, reminders to attend). Each trainer was provided a copy of a comprehensive trainer's manual that was reviewed prior to the first class and each trainer received instructions on how to implement the course by the master instructor (i.e., by one of the authors of the memory fitness curriculum). They also received instructions to contact the project planners with questions related to the trainers' responsibilities and/or class curricula. An external evaluation of the training class was obtained at Site A during Class 2 for sessions 1, 3, 8, and 10 to assess the fidelity of the implementation of the memory fitness program. No discrepancies from protocol were noted during these sessions. Drs. Gary Small and Karen Miller developed a scripted curriculum for trainers and a companion workbook for participants. Both resources are structured into 12 sessions focused on memory enhancement, stress reduction exercises, and information about nutrition and physical activity. The instructor's manual and student workbook are designed to complement the book The Memory Prescription, 31 which the participants also received as part of the course. Homework was assigned at the close of each class and reviewed during the next class. The memory enhancement aspect of the curriculum included pretraining, association, visual imagery, and linkage exercises (with a focus upon the "Look-Snap-Connect" method), the story method, chunking, remembering names and faces, everyday memory skills, and reviews of each of the presented memory mnemonic techniques.
Analysis
The baseline demographics (age, sex, education, and income) of the three cohorts were compared using χ 2 statistics for the categorical measures and analysis of variances for the continuous measures. The three cohorts were also compared on their attendance of the intervention sessions.
To evaluate the effects of the intervention, five cognitive domains-immediate memory (WMS-III, VPA I: total learning, and HVLT-R total learning), delayed memory (WMS-III, VPA II, delayed recall, and HVLT-R delayed recall), memory retention (WMS-III, VPA, and HVLT-R), memory recognition (WMS-III, VPA, and HVLT-R), and verbal fluency (COWAT, animals, fruits, or vegetables)-were assessed. The raw scores were used as the outcome measures. In addition, the four factor scores from the MFQ were used to evaluate changes in subjective memory following the intervention. We estimated general linear mixed models (as implemented in SAS PROC MIXED), with the cognitive scores as the dependent variables and time (baseline, preintervention, and postintervention) as the within-subject factor. Similar models were estimated for the MFQ factor scores as well. The general linear mixed model permits analysis of repeated measures with missing data, thus allowing us to use all of the participants' data, irrespective of whether the subject was evaluated at all three time points. For example, although Cohorts 2 and 3 underwent testing at three time points and Cohorts 1 and 4 were assessed only twice, a mixed model analysis was used because it allows the use of all the data to estimate the parameters. Post-hoc analyses were conducted to determine whether participants improved from baseline (t 0 ) to preintervention (t 1 ) testing as well as from pre-to postintervention (t 2 ) testing. All significance levels within a cognitive domain were Tukey adjusted to take into account multiple comparisons. Effect sizes for the changes (ES[t 1 − t 0 ] and ES(t 2 − t 1 ]) as well as 90% confidence intervals (CIs) for the effect sizes were calculated to examine whether the observed changes can be attributed to practice effects or intervention effects. If the CIs of the changes overlap, then the improvements seen pre-to postintervention are similar in magnitude to those seen from baseline to preintervention. Such similar improvements may be attributed to practice effects. However, if the CIs do not overlap, and more specifically if the upper bound of the ES(t 1 − t 0 ) CI is less than the lower bound of the ES(t 2 − t 1 ) CI, then the improvement seen from t 2 to t 1 can be attributed to the intervention.
Copyright © American Association for Geriatric Psychiatry. Unauthorized reproduction of this article is prohibited. 
RESULTS
Baseline appointments were made with a total of 135 residents from the two campuses: 72 (53.3%) from campus A and 63 (46.7%) from campus B. At baseline testing, 20 (14.8%) residents were determined to be ineligible and 115 (85.2%) residents were assigned to groups. From baseline to postintervention testing, 21 (18.3%) residents withdrew from the study. The sample of 115 participants had a mean age of 81.0 (SD: 6.0) years, with 91 women enrolled ( Table 1) . Ninety-eight percent of the participants were white; 68% reported having a college degree or higher. The mean score on the MMSE was 28.6 (SD: 1.3). The mean class attendance was 9.3 (SD: 2.9; range: 3-12) sessions out of 12. The three cohorts did not differ significantly in age, sex, education, income, or class attendance. In addition, there were no significant differences from the program completers and the dropouts in terms of demographic information (age, gender, race, educational level, MMSE scores). Table 2 presents the performance of the study participants on neuropsychological measures at each time point, in addition to their responses to the MFQ in regard to their subjective impressions of the impact of the planned intervention on their memory-related capacities. General linear mixed models revealed that participants improved from baseline to postintervention on several aspects of memory. More specifically, immediate memory for verbal pairs (WMS-III, VPAI) improved from baseline testing to preintervention testing (t [ objective and subjective memory measures. These results are consistent with previous studies demonstrating memory enhancement in older adults. 10, [12] [13] [14] [15] [16] [17] However, the current results are unique in that they show that such interventions may be effective with residents of continuing care retirement communities, nearly 90% of whom are among the older-old (75 + ) or oldest-old (85 + ). The participants improved on the objective memory tasks for word pairs (recognition) and a list of semantically related words (retention), suggesting that they improved their ability to learn and retain new verbal information. For example, participants improved in their ability to recall word pairs, at both immediate and delayed recalls. In addition, they were more likely to retain the information from the listlearning task. We believe that these improvements are likely to be associated with the techniques that are taught in the memory fitness program, including 1) the Look-Snap-Connect technique, 39 which provides a simple approach to combining attention, visualization, and association techniques, and 2) the Story Method, which builds on the Look-Snap-Connect method so that the participant makes up a story to facilitate encoding and retrieval of a list of unrelated words. In the aggregate, participants also demonstrated improved subjective memory (i.e., retrospective self-assessment of memory), suggesting that many of them believe their memory functioning benefited from the delivered intervention.
Copyright © American Association for Geriatric Psychiatry. Unauthorized reproduction of this article is prohibited. Previous studies indicate that research participants are more likely to improve on tasks that are specifically related to the techniques taught in a particular intervention. 10 However, recent investigations suggest that generally available strategies or a given person's idiosyncratic (i.e., self-generated) memory techniques can also be effective in improving memory performance. 14, 40 Because the Look-Snap-Connect technique focuses on creating a blend of images for two words, and eventually a list of words into a story, this method may have facilitated the participants' ability to visualize and encode the list of words. Alternatively, it may be that the summation of strategies taught in the program improved overall memory functioning. In addition, self-awareness of improved memory, as measured by the subjective memory score, may encourage individuals to maintain healthy lifestyle choices, including the use of memory techniques on a daily basis.
The study is not without limitations. In particular, the homogenous settings resulted in a sample that was predominantly white and of a relatively high socioeconomic status. Furthermore, we did not measure intelligence quotient and mood functioning. Moreover, the use of multiple testing sessions (baseline, preintervention, and postintervention) may have resulted in a practice effect or a familiarization with neuropsychological testing. This effect has the potential to reduce or negate group differences. However, even with the possible presence of this effect, a statistically significant change from preintervention to postintervention persisted when measuring select aspects of memory. We acknowledge that an additional limitation of this study design is that it did not include a formal control condition (i.e., randomized controlled study). Finally, it is yet to be determined to what extent, if at all, demonstrated performance improvements on formal neuropsychological measures generalized to everyday life functioning. 21 The current intervention differed from most other cognitive training courses, in that, in addition to cognitive training techniques, it included education on lifestyle factors that might influence cognitive decline, such as stress-reduction exercises, healthy diet rich in antioxidants, and regular physical exercise (e.g., daily walking or swimming). Thus, the current study expands upon recent evidence that the role of lifestyle and environmental factors can be neuroprotective against the development of Alzheimer disease and other forms of cognitive decline. 41 In our group's earlier study, 28 participants in the experimental group received a manual that detailed a 14-day program, consisting of memory mnemonics, mind-teasers, solving puzzles, mazes, and other specific strategies (e.g., Look-Snap-Connect). In addition to memory techniques, the healthy lifestyle program included daily cardiovascular exercises, diet and recipe recommendations, and relaxation strategies. Pre-and posttesting revealed that the intervention group demonstrated significant improvements on objective measures of verbal fluency. Concomitant positron emission tomography scanning revealed a 5% decrease in activity in the left dorsolateral prefrontal cortex, an area associated with working memory, semantic organization skills, anxiety, and verbal fluency, which was consistent with the emergence of greater cognitive efficiency in the intervention group than in the control group, which continued with its usual lifestyle habits. 28 The memory fitness program was adapted from this previous program for use in a community setting. Rather than subjects following a manual on their own, instructors presented the material in class sessions over a longer time period (6 weeks versus 2 weeks). The curriculum content was reinforced through self-guided exercises, homework assignments, and reviews during class. These changes in the program, particularly teaching it twice weekly over 6 weeks, appeared to be well-received in this community setting. On average, participants attended 9 of the 12 sessions, and many demonstrated significant improvements in several cognitive measures. A potentially substantial advantage of this particular program is that it is relatively affordable to execute in terms of requisite expertise, time, effort, and money, given its reliance on a low-tech classroom format that is readily scalable for application with diverse adult populations.
The work presented here is exploratory and preliminary in many respects. To our knowledge, it is the first field trial of its type completed with the memory fitness curriculum in collaboration with older-old or oldest-old volunteers. Given this, we were especially eager to assess the feasibility of offering this curriculum to this at-risk, yet often motivated and underserved segment of our adult population. We recommend that investigators interested in contributing Copyright © American Association for Geriatric Psychiatry. Unauthorized reproduction of this article is prohibited.
to this line of programmatic inquiry aim to amass a much larger, more diverse sample of older persons. With such a sample, and an adequate project budget at hand, future investigators can implement a randomized controlled trial with a more in-depth panel of metrics that better mitigate against threats to internal validity than the quasi-experimental design we were able to accomplish. Also, in such a context it may be feasible to pursue a multiple discriminant analysis built, at least in part, upon completion of general medical and psychiatric histories at baseline, and recurrent assessment of mood status, among other potentially contributing or confounding variables of interest to experts in brain-behavior relationships, and those practitioners striving to deliver evidence-based services on behalf of the cognitive health and wellness of older persons. In summary, our results suggest that the memory fitness program is effective in improving memory performance and may generalize to a real-world setting. It is designed to be taught by practitioners in the community in a cost-effective classroom setting. As a community-based educational intervention, the program has the potential to meet the community's need for an affordable and sustainable memory program over time.
